Background Cuff tear arthropathy is the primary indication for total reverse shoulder arthroplasty. In patients with pseudoparalytic shoulders secondary to irreparable rotator cuff tear, reverse shoulder arthroplasty allows restoration of active anterior elevation and painless shoulder. High rates of glenoid notching have also been reported. We designed a new reverse shoulder arthroplasty with a center of rotation more lateral than the Delta prosthesis to address this problem. Questions/purposes Does reduced medialization of reverse shoulder arthroplasty improve shoulder motion, decrease glenoid notching, or increase the risk of glenoid loosening?
Introduction
Cuff tear arthropathy is the primary indication for total reverse shoulder arthroplasty (RSA) [2, 9, 31] . Charles Neer, a pioneer of the anatomic prosthesis, proposed a reverse constrained prosthesis for this indication [19] . Analysis of Mark 1, 2, and 3 (3 M Healthcare Ltd, Loughborough, UK) prostheses shows the fixed, most external center of rotation, at some distance from the glenoid bone, creates considerable tilt forces in the glenoid cavity. These forces cause loosening of the glenoid component and fracture of the implant. In 1974, Neer abandoned these reversed constrained prostheses, insisting on the need to repair the rotator cuff to restore mobility, in particular, external rotation [20] . The concept of reversing the shoulder prosthesis reappeared in 1985 with Paul Grammont's biomechanical work [12] . Grammont demonstrated medialization and distalization of the center of rotation on the glenoid bone increased the lever arm of the deltoid. RSA restores active anterior elevation up to 130°i n pseudoparalytic shoulders secondary to irreparable rupture of the rotator cuff [1, 4, 11, 24, 26, 27, 30] . However, some studies [1, 3, 4, 17, 21, 22, 26] have documented drawbacks with medialization of the center of rotation, including glenoid notching and loss of shoulder rotation.
Four options can be considered to decrease the risk of glenoid notching and to improve rotation: (1) lowering the position of the metal baseplate [25, 26] ; (2) increasing the inferior overhang of the glenosphere; (3) lateralizing the center of rotation (6-8 mm) with a bone graft interposed between the native glenoid bone and the baseplate (the bony increased-offset RSA [BIO-RSA]) [3] ; and (4) less medialized design of the RSA [8] . We chose the last option and designed a new RSA prosthesis with a center of rotation more lateral than that of the Delta prosthesis to address the risk of glenoid notching and to improve rotation.
In this study, we asked: does a less medialized RSA prosthesis improve shoulder motion, decrease glenoid notching, or increase the risk of glenoid loosening?
Patients and Methods
Between October 2003 and May 2006, 126 RSAs were performed in our department. We retrospectively reviewed all 76 patients who had 76 less medialized RSA prostheses (Arrow 1 Anatomical Shoulder System; Fournitures Hospitalières Industrie, Mulhouse, France) for pseudoparalytic shoulder with massive rotator cuff tear. Fifty patients had RSAs for other indications: posttraumatic osteoarthritis (15 cases), recent dislocations-fractures (six cases), chronic anterior locked dislocations (two cases), rheumatoid arthritis (two cases), and revisions of a failed hemiarthroplasty or a total anatomic arthroplasty (25 cases). Contraindications were deltoid paralysis, history of chronic infection of the shoulder, massive glenoid bone defects, manual workers, and young active patients. All patients had previously received at least 6 months of physiotherapy; nevertheless, the active anterior elevation of the shoulder remained less than 60°. The mean age of the patients was 73 years (range, 52-90 years) with a female predominance (58 women versus 18 men). The dominant side was the most frequently impaired (56 dominant, 20 nondominant). No patients were lost to followup. No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. The minimum followup was 24 months (mean, 44 months; range, 24-60 months).
The preoperative examination systematically included pain evaluation, shoulder motion, and Constant-Murley score evaluation. We obtained standard AP, lateral, and axillary view radiographs of the shoulder. We assessed the glenoid bone stock, the muscular trophicity of the deltoid and the remaining cuff, and the degree of fatty infiltration of the cuff using the classification of Goutallier et al. [10] . This classification describes four stages of fatty infiltration of the cuff muscles: Stage 1,  All patients had a complete rupture of the supraspinatus and infraspinatus tendon, which were retracted to the glenoid level. The mean preoperative fatty infiltration index was 2.96 for the supraspinatus and 2.91 for the infraspinatus. The superior third of the subscapularis muscle was altered in 30% of the cases with a fatty infiltration index of 2.20.
All surgery was performed by one of three surgeons (PV, DK, PS). All patients were operated on through a superolateral approach under complete general anesthesia with an interscalene block. After surgery, the catheter was left in place for 48 hours for analgesia. We performed tenodesis of the biceps tendon in the bicipital groove if the tendon had not ruptured. Wide resection of the subacromial bursa and degenerative fibrous tissues facilitated lowering the head of the humerus, especially in eccentric glenohumeral arthritis classified as Hamada Stage IV and V. Section of the superior third of the subscapularis allowed lowering the head of the humerus when the joint was stiff and the humeral head was fixed in the subcutaneous anterosuperior position. To expose the glenoid through this external superior approach, we performed a circumferential capsulectomy of the glenoid cavity to allow inferior and posterior translation of the humerus. Sectioning the bone at an angle of 135°was slightly more than sectioning when inserting an anatomic prosthesis. The retroversion angle chosen during the operation was 10°to 20°. In patients with osteoporosis and advanced osteopenia, the humeral stem was cemented (six cemented, 70 press-fit). The metal baseplate was positioned as low as possible in a plane perpendicular to the glenoid or slightly downward (inferior tilt). A superior or superoposterior defect of the glenoid must be preoperatively detected to avoid malpositioning of the metal baseplate into a superior tilt, which predisposes to an early glenoid failure.
We reamed the glenoid cavity as conservatively as possible to retain subchondral bone. The convex-backed hydroxyapatite-covered metal baseplate consisted of a central keel and an anterior plate providing press-fit fixation to counter the shearing forces in the first degrees of abduction. Two divergent screws reproducing the Grammont concept provided definitive fixing for this metal baseplate. The glenosphere was fitted (not embedded) on the metal baseplate and fixed by impaction and one screw.
This design of the glenosphere and metal baseplate allows a lateralization of 8.5 mm of the center of rotation (Fig. 1) . Compared with the ''trumpet''-shaped Grammont prosthesis, the shape of the metaphyseal part of the humeral stem, with a fixed angle inclination at 135°and a final angle at 155°with the polyethylene cup, creates a 4-mm lateralization of the humeral component (Fig. 2) . The lateralization of the glenoid and humeral components of the Arrow 1 prosthesis afforded a more lateral axis of the humerus than that with the Delta III (Fig. 3) .
A shoulder splint was used during the first 4 weeks. Passive physiotherapy was started immediately during the first month, the only limitation to this being pain. Active mobilization was started at 1 month postoperatively. Elderly patients were transferred to a rehabilitation center from the fifth postoperative day on.
All patients were examined postoperatively at 3, 12, and 24 months. Followup evaluation consisted of a physical examination, Constant-Murley functional scores [5] , and plain radiographs (AP, lateral outlet, and axillary view). We divided the patients into three groups using the classification of Hamada et al. [15] : Group A (17 patients) characterized by the head of the humerus being eccentric without glenohumeral arthritis (Hamada Stages I, II, and III); Group B (56 patients) characterized by an irreparable rupture of the rotator cuff associated with an eccentric humeral head with glenohumeral osteoarthritis (Hamada Fig. 1 The glenosphere of the Arrow 1 prosthesis is a half-sphere placed on the metal back. The center of rotation is lateralized by 8.5 mm (arrows) due to the thickness and the curve design of the metal back. Stages IV and V); and Group C (three patients) characterized by medialized, centered arthrosis and a nonfunctional, thin, atrophic rotator cuff, with fatty infiltration of greater than 3.
On plain radiographs, glenoid notching was identified according to the classification of Valenti et al. [27] (Fig. 4) . Mechanical failures were assessed. Lateral offset (distance from the center of rotation to the great tuberosity) and acromiohumeral distance were also measured on plain radiographs (Fig. 5) .
Results
The absolute Constant-Murley score increased from 24 to 59, representing an increase of 35 points (Table 1) . According to the Constant-Murley score, postoperative pain was 14, representing an increase of around 10 points. The increase in active anterior elevation was 61°F ig. 3A-B AP views compare (A) the Delta III prosthesis with (B) the Arrow 1 prosthesis. Lateralization of both the center of rotation (point) and proximal metaphysis increases the lateral offset (arrow). (range, 65°-126°). The increase in external rotation with elbow at the side was 15°; the increase in external rotation with 90°abduction was 30°; and the increase in internal rotation was 1 point according to the Constant-Murley score. In Group B, the increase in active anterior elevation was only 54°compared with 85°increase in Group A (Table 2) . At the last followup, on AP and outlet views, no patient had developed a notch in the pillar of the scapula with this less medialized RSA prosthesis (Fig. 6 ). Lateral offset was 5.1 cm (range, 4-6.5 cm). Acromiohumeral distance was 1.4 cm (range, 0.5-1.8 cm).
Fourteen of the 76 patients (18.4%) experienced complications. For 10 patients, the prosthesis came apart due to a mechanical failure in the first-generation prostheses implanted between April 2003 and June 2004. The glenospheres or the polyethylene separated from either the metal baseplate or the humeral stem, respectively. All of these patients underwent revision surgery. They were fitted with a second-generation prosthesis. In the second-generation implant, the glenosphere was impacted and screwed into the metal baseplate, and likewise the humeral insert was impacted and screwed into the humeral stem (Fig. 7) . The mean Constant-Murley score of this group was 58.1 points Values are expressed as mean, with range in parentheses; external rotation 1 = external rotation with elbow at the side; external rotation 2 = external rotation with 90°abduction. External rotation 1 = external rotation with elbow at the side; external rotation 2 = external rotation with 90°abduction. 
Discussion
RSA following Grammont's principles has proven its efficiency for restoring active anterior elevation in patients presenting with a pseudoparalytic shoulder secondary to cuff tear arthropathy [23, 29] . However, the literature suggests the gain in external and internal rotation is limited, and from the first months, glenoid notching occurs in 40% to 70% of patients [18, 22, 23, 26, 28, 31] . To improve external and internal rotation and to decrease the rate of glenoid notching, we presumed such lateralization in the prosthesis would prevent these mentioned problems. In this study, we asked: does a less medialized RSA prosthesis improve shoulder motion, decrease glenoid notching, or increase the risk of glenoid loosening?
We acknowledge the limitations of our study, inherent to retrospective reviews. First, a longer followup is necessary to confirm these preliminary observations. Second, a CT evaluation would be more accurate in determining notching, especially posteroinferior. Third, we do not have a control group with a medialized RSA prosthesis.
The concept of Grammont (medialized RSA) will limit both external and internal rotation. Increased offset should improve both external and internal rotation by recruiting anterior and posterior fibers of the deltoid muscle and retensioning the remaining cuff (Table 3) . Frankle et al. [8] reported improvements of external rotation from 12°pre-operatively to 41°postoperatively with an increased-offset RSA. The authors reported 17% (10 patients) with complications, including seven cases of glenoid loosening, two cases of stress fracture of the metal baseplate, and one case of infection. No notching was found with this much more lateralized prosthesis [8] . For Boileau et al. [3] , improvement in active rotation was 10°for external rotation and 1.3°for internal rotation and was inferior to that obtained with the Arrow 1 prosthesis (15°for external rotation with elbow at the side and 31°with the arm in abduction). With the BIO-RSA, there is only glenoid lateralization, in contrast to the Arrow 1 , which lateralizes both the glenoid and humeral components.
The clinical implications of glenoid notching have been discussed in the literature (Table 3) . Guéry et al. [13] reported it did not affect the Constant-Murley score, while Sirveaux et al. [26] observed clinical deterioration with Valenti et al. [27] Type 3 and 4 notches. Delloye et al. [6] reported a decrease in Constant-Murley scores if the notch reached the central keel, with the risk of glenoid loosening. Many recommendations have been made in the literature concerning preventing this glenoid notching from occurring. De Wilde et al. [7] reported a series using a larger-diameter glenosphere (42 mm). All authors agree the metal baseplate should be placed as low as possible, flush with the inferior pole of the glenoid cavity [21, 25, 26, 30] . However, according to Guttierez et al. [14] , if the pillar of the scapula is very vertical, the notch may still occur. Simovitch et al. [25] suggested inferior tilting of the metal baseplate would not in theory prevent notching. Boileau et al. [3] proposed the BIO-RSA lateralized the glenoid component up to 10 mm. The technique involves placing a bone graft (taken from the resected head of the humerus) between the metal baseplate and the native glenoid. With this procedure, they reported 19% notching for 42 patients. The BIO-RSA procedure with a center of rotation at the level of the new bone graft reproduces the concept of Grammont but cannot prevent glenoid notching definitively, and Boileau et al. [3] recommended implanting the baseplate in a lower position. In 1998, Frankle et al. [8] reported on a less medialized RSA prosthesis (center of rotation close to that of a nonconstrained anatomic prosthesis). In a series of 60 patients with a minimum followup of 2 years, the authors found no notching.
Lateralization of the center of rotation has the disadvantage of increasing torque and shearing forces applied to the glenoid component and potentially increasing the risk of glenoid component loosening [16] . Frankle et al. [8] recommended improving the quality of fixation for a baseplate with a convex bottom with a Size 6.5 central compressive screw and Size 5 peripheral screws locking into the plate. In addition, the authors proposed a more or less lateral center of rotation depending on the quality of the glenoid bone. In the Arrow 1 RSA prosthesis, two factors explain the lateralization: (1) the glenosphere is fitted to the metal baseplate (not embedded), creating a lateralization of 8.5 mm; and (2) the shape of the metaphyseal part of the humeral stem is angled at 155°and creates a 4-mm humeral lateralization. This lateralization, admittedly less than that in the prosthesis designed by Frankle et al. [8] , has led us to propose an improvement in the primary fixation of the glenoid implant: the metal baseplate with a convex base, covered with hydroxyapatite, consequently comes in three different sizes to provide optimal contact with the subchondral bone of the glenoid cavity. A central keel and an anterior lug provide primary fixation, which opposes the forces of torsion. This plate is also fixed by two screws (one superior and one inferior in a divergent direction) to oppose tilting forces at the beginning of abduction. In patients with osteoporotic glenoid bone, a third AP screw can be used to increase the fixation of the metal baseplate. We did not detect any glenoid notches and only one episode of glenoid loosening occurred (one early technical fault).
In conclusion, modification of the initial concept of Paul Grammont with a moderate lateralization of the center of rotation around 8.5 mm provides good function. There is an increase in active rotation (especially in external but also in medial rotation), with considerable impact on the quality of life of these elderly people. The absence of glenoid notching suggests long prosthesis survival, but it is too early to make any assertion about the longevity of these ''less medialized'' RSA prostheses. A longer followup is needed to confirm the absence of glenoid notching and loosening of the baseplate before this solution can be proposed for the considerable challenge of younger patients. 
